Inflammation is a localized rejoinder towards cellular injury. Caffeine is reported to possess many beneficial properties but limited bioavailability and increased metabolic clearance limit its therapeutic applications. Mesoporous silica nanoparticles (MSN) are used as a carrier for sustained drug release owing to its preferable biocompatibility, biodegradability, and loading efficiency. The present study addressed the efficiency of MSN as a delivery system of caffeine to limit inflammation in lipopolysaccharide (LPS) activated macrophage cells. Caffeine-loaded silica nanoparticles (CSNP) were prepared and high-performance liquid chromatography was performed. Analysis of cyclooxygenase (COX), lipoxygenase, myeloperoxidase, and inducible nitric oxide synthase enzymes authenticates a comparable anti-inflammatory activity of CSNP over caffeine on LPS activated RAW 264.7 macrophage cells. In vitro scratch assay uncovered that CSNP has abridged the wound area radically when compared with caffeine and LPS treated group (control). From the indirect enzyme-linked immunosorbent assay, CSNP produced merest COX-2 and tumor necrosis factor-alpha (TNF-α) activity. Reverse transcriptase polymerase chain reaction results confirm a significant decrease in relative expression of COX-2 and TNF-α messenger ribonucleic acid levels in CSNP groups, thereby proving CSNP's efficient inhibition in the inflammatory response. The results suggest an increase in antiinflammatory activity which can be attributed to the sustained release of caffeine from MSN, prompting therapeutic significance.
INTRODUCTION
Inflammation, a localized rejoinder towards cellular wound, is manifested by redness, heat, pain, capillary dilatation, and leukocyte infiltration, and is also obliged as a mechanics initiating the obliteration of pestiferous agents and impaired tissue (Nagarkar and Jagtap, 2017; Ryan and Majno, 1977) . Inflammation ranges from acute to chronic inflammation which may evolve to cancer, allergies, asthma, and diabetes (Lawrence and Gilroy, 2006; Straub and Schradin, 2016) .
Inflammation advances mainly through the arachidonic acid pathway which is conciliated via the enzyme-mediated action of cyclooxygenase-I (COX-I) or prostaglandinendoperoxide synthase ( Ricciotti and FitzGerald, 2011; Samuelsson, 1991) . Nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) is the paramount transcriptional factor in the synchronization of pro-inflammatory genes, such as interleukin-6 (IL-6), nitric oxide, inducible nitric oxide synthase (iNOS), and COX-2 (Dlaska and Weiss, 1999; Hwang et al., 2016) . Its activation is widely stigmatized in inflammatory diseases and considerable scrutiny on the advancement of antiinflammatory drugs targeting NF-κB was reported (Yin et al., 1998) . Although several chemical classes of NF-κB inhibitors have been recognized, it is only for a few of those that a safety analysis based on a comprehensive interpretation of their pharmacologic mechanism of action has been recorded (Gupta et al., 2010; Mora et al., 2012) . The evolution of tumor necrosis factor-alpha (TNF-α) inhibitors has, moreover, been one of the most vigorous fields of therapeutics more than a decade for the management of inflammatory diseases (Baugh and Bucala, 2001; Jackson, 2007) .
Inflammatory response preceding tissue injury is quite cardinal in playing a key role both in normal and pathological healing which includes the activation of the innate immune system, enrollment of inflammatory cells to the site of injury etc. (Koh and DiPietro, 2011; Kokkas, 2010) . The wound-healing progression involves four vastly incorporated along with superimposing phases, such as hemostasis, inflammation, proliferation, and tissue remodeling or resolution (Broughton et al., 2006; Pugin, 2012) . Delayed acute plus chronic injuries immigrate a pathologic inflammation due to partial or uncoordinated healing process (Koh and DiPietro, 2011) . Characteristic of both chronic wounds and acute wounds that fail to heal is enormous leukocytosis and abridged matrix deposition (Ashcroft et al., 2003) . The factors that impact repair can be assorted into local and systemic (Guo and DiPietro, 2010) .
Caffeine, a phytochemical found in coffee plants is recognized to have biological characteristics, such as anti-oxidant, anti-aging, and anti-obesity effects (DaSilva et al., 2017) . The wellacknowledged starting place of caffeine is the Coffea Arabica plant seed (Patay et al., 2017) . This white crystalline Xanthine alkaloid analeptic drug is observed in the seeds, coffee plant, and the leaves of the tea bush (Ashihara et al., 2017; Hwang et al., 2016) . It was revealed to have less IL-6, TNF-α (Horrigan et al., 2006; Popko et al., 2010) , cell death, and inflammation, such as COX-2 in caffeine-infused rats than in those who had the placebo (Li et al., 2011) . In the last two decennaries, mesoporous silica nanoparticles (MSN) have acquired increased attention for medical applications because of their humongous biocompatibility, biodegradability, storage stability, controllable diameter, maximum drug loading efficiency, and large amendable surface potential (Brezániová et al., 2018) . To this regard, caffeine-loaded silica nanoparticles (CSNP) authenticate higher penetration rate when juxtaposed with caffeine.
MATERIALS AND METHODS

Preparation of CSNP
The silica nanoparticles were prepared by the method of Stöber et al. (1968) with slight modifications. 1.5 ml tetraethyl orthosilicate (99%), 50 ml ethanol, and 6.25 mg.ml −1 caffeine were blended as well as subjected to heat under a heating mantle until the reaction mixture attained 64°C, which was then proceeded by adding 2.5 ml liquid ammonia. The reaction mixture was then subjected under magnetic stirrer for 18 hours along with centrifugation at 8,000 rpm for 10 minutes. The pellet thus formed was washed with 70% ethanol three times and the particle was air dried which was then replaced into a sterile tube and stored at −4°C.
High-performance liquid chromatography
To estimate the encapsulation efficiency of CSNP, highperformance liquid chromatography (HPLC) was performed. The testing was performed by means of Agilent 1260 series of HPLC system (Agilent Technologies, Palo, Alto, CA) with a quaternary pump (Agilent Technologies 1260), a vacuum degasser, changeable wavelength detector, a 20 µl sample injector, and a column thermostat. The separation was made on Zorbax Eclipse Plus 18 columns of 5 µm, 200 mm × 4.6 mm. The mobile phase comprised of solvent A (Acetonitrile) and solvent B (Water) in 50:50 proportions at 1 ml.minute −1 flow rate and the wavelength to be detected was at 271 nm. The column thermostat was maintained at room temperature.
Anti-inflammatory assays
Lipopolysaccharide (LPS) stimulated RAW 264.7 rat macrophage cell lines exposed with different concentrations (25, 50, and 100 µg/ml) of caffeine and CSNP was compared with Diclofenac sodium in concentrations parallel to the sample and kept for 24 hours incubation. After incubation, the lysed cells were used for enzymatic studies.
Assay of COX
The COX action was assayed by Walker and Gierse method (Bindu et al., 2016) . The assay mixture contained 100 mM Tris-hydrochloric acid (Tris-HCl) buffer, 5 mM glutathione, 5 µM hemoglobin, and enzyme. The reaction was initiated by arachidonic acid addition and ended after 20 minutes incubation at 37°C by means of 0.2 ml of 10% trichloroacetic acid in HCl and 0.2 ml of thiobarbituric acid addition. The contents were subjected in a boiling water bath for 20 minutes, cooled, and centrifuged at 1,000 rpm for 3-5 minutes. The supernatant thus obtained was measured for its COX activity at 632 nm and was demonstrated in terms of percentage COX inhibition.
Assay of 5-lipoxygenase
The assay of 5-lipoxygenase (5-LOX) activity was performed as per Axelrod et al. (1981) . The reaction was carried out in a quartz cuvette at 25°C with 1 cm light path. The assay mixture contained 2.75 ml of Tris buffer of pH 7.4, 0.2 ml of sodium linoleate, and 50 µl of the enzyme. The increase in optical density was calculated in 234 nm and the percentage of inhibition was calculated.
Myeloperoxidase (MPO) activity
Cell lysate was homogenized in a solution containing 50 mM potassium phosphate buffer and 0.57% hexadecyltrimethylammonium bromide. Homogenized mixture was frozen in liquid nitrogen and thawed, followed by sample centrifugation at 2,000 rpm for 30 minutes at 4°C. The supernatant obtained was quantified for myeloperoxidase (MPO) assay. MPO in the sample was activated by addition of 50 mM phosphate buffer of pH 6 containing 1.67 mg.ml −1 Guaiacol and 0.0005% H 2 O 2 addition and the absorbance at 450 nm was measured (Bradley et al., 1982) . iNOS iNOS was done by the method described by Salter et al. (2002) . Cell lysate was diluted to 2 ml of 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid buffer. The assay system contained 0.1 ml L-Arginine, 0.1 ml manganese chloride, 0.1 ml 30 µg dithiothreitol, 0.1 ml nicotinamide adenine dinucleotide phosphate, 0.1 ml tetrahydropterin, 0.1 ml oxygenated hemoglobin, and 0.1 ml cell lysate. The increase in absorbance was recorded at 401 nm.
Scratch wound healing assay
Exponentially growing L929 fibroblast cell lines were trypsinized and seeded at a density of 200,000 cell for each well into 12 well plate for 24 hours incubation (~90% Confluence). The scratch wound was done using a sterile 1 ml pipette tip by means of a pre-marked line. The cell monolayer was rinsed three times with phosphate buffered saline (PBS) after removal of the resulting debris from five lineal scratches. It was then followed by incubation with the sample for 24 hours.The wound regions were subjected by taking an image, nearly above the interchanges between scratched wound region and pre-marked lines and the outcome of 25 µg sample on wound closure was estimated microscopically (4× magnification, Olympus CKX41). The end result of the caffeine and CSNP on wound closure was determined in terms of the area using Image J-MRI-Image analysis software at 0, 24, and 48 hours (Liang et al., 2007) .
COX-2 and TNF-α estimation
Briefly, cell lysates were coated on 96 well plates and were blocked using blocking buffer containing 0.2% gelatin in 0.05% Tween 20 in PBS and kept for 1-hour incubation at room temperature. It was then washed two times with PBS Tween 20 and 100 µl of COX-2 and TNF-α antibody (Santa Cruz, USA) was added and then left for 2 hours at room temperature. It was again washed with PBS [two times]. One hundred microliter of horseradish peroxidase (HRP) conjugated (IgE) antibody was then added and left for 1 hour at room temperature (RT). Chromogen, o-Dianisidine containing 1 mg/100 ml methanol, 21 ml citrate buffer pH 5, and 60 ml fresh hydrogen peroxide (H 2 O 2 ) was added and subjected to incubation for 30 minutes at RT. The reaction was terminated by adding 50 µl 5N HCl and the absorbance was read at 415 nm after 5-30 minutes.
Reverse transcriptase polymerase chain reaction
Total ribonucleic acid (RNA) was obtained from samples with TRIzol (Invitrogen, USA). The reaction was carried out on ice with an overall volume of 20 μl, containing 5 µl RNA, 1 μl of forward and reverse primers of COX-2 and TNF-α, 10 μl of primer reverse transcriptase polymerase chain reaction (RT-PCR) premix, and 3 µl nuclease free water. Incubation was done using thermal cycler (Eppendorf Master Cycler) and complementary deoxyribonucleic acid (cDNA) produced was stored at −20°C till the RT-PCR step. The levels of TNF-α and COX-2 were compared to glyceraldehyde 3-phosphate dehydrogenase (GAPDH) RNA in RT-PCR studies and the following cycling conditions were employed for RT-PCR: Initial DNA synthesis at 42°C for 30 minutes, followed by denaturation at 94°C for 10 minutes, denaturation repeated at 94°C for 1 minute, annealing at 58°C for 1 minute, and extension at 72°C for 1 minute which was continual for 35 cycles along with the final extension at 72°C for 5 minutes. The following primers (Eurofins Scientific, India) were used ( Table 1) .
Agarose gel electrophoresis
The amplified products were run on 1.5% Agarose gel and viewed using a gel documentation system (E-Gel Imager, Invitrogen, and USA) and the relative band intensity was determined using ImageJ analysis software (Sugden et al., 1975) .
Statistical analysis
The data were represented as Mean ± standard deviation (SD) (n = 3). Statistical significance was determined by one-way analysis of variance (ANOVA) using Graph Pad Prism Software (5.01) and p < 0.05 was considered significant.
RESULTS
HPLC
Caffeine was observed to have a loading efficiency of nearly 28% which is identified as significant (Fig. 1) .
Anti-inflammatory assays
Assay of COX
COX is involved in prostaglandin synthesis which is responsible for the function of inflammatory signals. From the result, it can be examined that caffeine and CSNP produced a noticeable decrease in COX activity when correlated with LPS treated group. CSNP produced an expressive inhibition when compared with caffeine alone treated group confirming an indicative inhibition of COX activity in CSNP treated groups over caffeine alone treated group (Fig. 2A) . 
Assay of LOX
5-LOX, responsible for leukotrienes production, is the major responses for inflammation. The result showed a suggestive decrease in LOX activity of caffeine, as well as CSNP in comparison with the LPS treated group. Clearly, CSNP produced a noticeable inhibition when related to caffeine alone treated group authenticating a sound inhibition of LOX activity in CSNP treated groups over caffeine alone treated group (Fig. 2B) .
MPO activity
It can be scrutinized that caffeine and CSNP produced an observable decrease in MPO activity when correlated with the LPS treated group. As an inference, the result confirms a slight abatement in MPO activity of CSNP treated groups over caffeine alone treated group (Fig. 3) .
iNOS
Excessive nitric oxide production by iNOS in stimulated inflammatory cells is believed to be a contributory factor of cellular injury in inflammation. It can be suggested from the result that caffeine and CSNP produced a significant inhibition of iNOS protein wherein CSNP recognizably expressed a slight more inhibition of iNOS protein than the caffeine alone treated group (Fig. 4) .
Scratch wound healing assay
The wound healing capacity was determined by in vitro scratch assay. It can be observed that caffeine and CSNP have appreciably abridged the wound area when related with the nontreated group. The above results depict that CSNP has decreased the wound area significantly when compared with caffeine and untreated control cells (Fig. 5) .
Enzyme-linked immunosorbent assay
Indirect enzyme-linked immunosorbent assay (ELISA) was performed to measure the amount of protein content of both COX-2 and TNF-α in inflammatory conditions and post-treatment.
ELISA for COX-2
The COX enzymes catalyze a major step in the conversion of arachidonate to prostaglandin H2, the instantaneous substrate for a sequence of cell-specific prostaglandin and thromboxane synthase. As of the result, it is spotted that caffeine and CSNP produced less COX-2 activity when juxtaposed with the LPS treated group, where CSNP expressed the least possible COX-2 activity over caffeine alone treated group (Fig. 6A) .
ELISA for TNF-α
TNF-α is a central regulator of inflammation. From the result, it can be noticed that caffeine and CSNP produced lesser TNF-α activity in comparison with the LPS treated group. Notably, CSNP exhibited the least TNF-α activity which uncovers the fact that CSNP is more effective than caffeine (Fig. 6B) .
mRNA expression of COX-2 and TNF-α
RT-PCR was adopted to determine the relative expression of COX-2 and TNF-α and from the results it is noticeable that CSNP was more efficient in inhibiting COX-2 inflammatory response in correlation with free caffeine in terms of band intensity and there was considerable down-regulation of TNF-α on CSNP treated cells when correlated with LPS treated group (Fig. 7) .
DISCUSSION
Recent findings attributing therapeutic effects of caffeine to be an anti-inflammatory agent are gaining attention among researchers and addressing the pharmacokinetic and pharmacodynamic constraints, including metabolic clearance along with increased solubility remains the need of the hour. The utility of MSN as a carrier for caffeine in mediating anti-inflammatory activity was evaluated in the present study.The commendatory chemical characteristics, biocompatibility, and safety uphold MSN as a potent drug carrier (Bharti et al., 2015; Vallet-Regi et al., 2017; Watermann and Brieger, 2017) . HPLC method was used to determine the loading efficiency of caffeine wherein the results showed a loading efficiency of 10.8% which is comparatively lesser than reported for mesoporous nanoparticles (Mohseni et al., 2015) .
LPS-activated macrophage cells were exposed to nontoxic concentrations of caffeine and CSNP showed a significant inhibition of COX and LOX activity. The outcome of coffee extracts on inhibiting the inflammatory signals is previously reported by Lee et al. (2013) and Jung et al. (2017) , but the antiinflammatory potential of caffeine studies are least reported. From our results, when correlated with free caffeine, CSNP were more effective in ameliorating the inflammatory signals.
In vitro wound healing scratch assay is considered as a potential biomarker to assess migrating potential of cells across a wound has, in turn, became a tool to measure the cytotoxic activity of compounds on dividing cells (Liang et al., 2007) . Caffeine was observed to enhance the wound closure in a significant manner along with CSNP. When weighed against with control, the area of the experimental wound was closed in a significant manner by nearly 48 hours incubation. Coffee extracts are already reported to enhance wound healing processes in animal models by subsiding the inflammatory responses and apart from that, the antioxidant activity of caffeine is also well-documented (Affonso et al., 2016; Ojeh et al., 2016; Yashin et al., 2013) . Here, also the CSNP is retaining the antioxidant potential to mitigate the cell migration and the study also portrays nontoxicity of MSN towards studied fibroblast cells.
Messenger RNA (mRNA) expression analysis and protein analysis of COX-2 and TNF-α have shown a significant down-regulation and COX-2 inhibitory potential of crude caffeine is reported by Chu et al. (2012) which is in accordance with our findings. The interesting fact that CSNP loading has, in turn, increased the COX inhibitory potential which can be due to the sustained releasing ability of CSNP particles.It can be summarized that the anti-inflammatory potential of caffeine can be exploited to generate a sustained release system to combat inflammation in a safer manner.
CONCLUSION
Targeting caffeine as a formidable anti-inflammatory agent is limited by bioavailability and solubility. Hence, delivery of caffeine using MSN for prospecting anti-inflammatory activity was considered in LPS activated RAW 264.7 macrophage cells and CSNP effectively alleviated COX and 5-LOX activity along with a concomitant decrease in MPO and iNOS activity. Also, COX-2 and TNF-α expression were reduced by CSNP similarly to free caffeine. Therefore, our results confirm sustained antiinflammatory activity of CSNP which is comparable to free caffeine.
